When dormant sugar pine (Pinw lamberdaea L.) seeds were imbibed at 5°C, they showed a rapid increase in 02 uptake, ATP level, and moisture content during the first 4 days. This was followed by a plateau phase until 60 days, after which a second significant increase in all three features occurred as dormancy was broken. During the plateau phase, conventional CN-sensitive respiration accounted for 74 to 79% of the total 02 uptake.
When dormant sugar pine seeds were imbibed at and maintained at 25°C, a different pattern occurred. Water uptake was much more rapid during the first 4 days and no second increase occurred after 60 days because the seeds did not break dormancy. There was an initial burst of 02 uptake and ATP formation, but these both declined abruptly after 24 to 48 hours. Levels about half those of seeds at 5°C were maintained through the rest of a 90-day period. CN-sensitive respiration declined during imbibition at 25°C, and accounted for only 55 to 61% of the total 02 uptake. The inability of dormant sugar pine seeds to germinate at temperatures above about 170C may therefore result from initial temperature effects on membrane prpties, leading to reduced 02 uptake, reduced cytochrome oxidase electron transport activity, and lowered ATP levels.
There is an extreme paucity of information about basic metabolic changes occurring during stratification of dormant pine seeds. We have determined previously that changes in inhibitor content during stratification of sugar pine seeds could not be causally related to loss of dormancy (12, 13) , which supports current concepts that membrane properties or regulatory metabolism may also be involved in the control of seed dormancy and germination (7, 1 1).
We recently observed that the temperature during imbibition of sugar pine embryos had a significant effect on rates of water influx and solute efflux. Temperatures above 17°C, at which sugar pine seeds do not normally germinate, caused abnormally high rates of water uptake and solute leakage to occur, possibly due to temperature effects on membrane properties (14) . This appears similar in nature to the injurious effect of elevated temperatures and humidity in accelerated aging treatments (1, 15) and the deleterious effect of cold temperatures on chilling-sensitive species (8, 10, 17) . In these cases, apparent membrane damage appears to be an initial step in a series of events leading to abnormal metabolism. Electron transport and phosphorylation are decreased, respiration and ATP levels are reduced, various metabolic pathways become imbalanced, and toxic metabolites may accumulate, all leading to a reduction of growth or death (1, 10 RESULTS Initially, there were measurable differences in water uptake between seeds imbibed at 5 or 25°C (Fig. 1) . After 24 h, the 25°C embryos contained 26% more water than the 5C embryos. By day 14, the 5°C embryos had reached approximately the same level of hydration as the 25°C embryos, and no substantial differences reappeared until after 60 d. By this time, the 5°C seeds had broken dormancy and begun a second phase of water uptake. A similar initial pattern occurred with seeds which were not initially immersed, but placed on moistened germination blotters (data not shown). Temperature during imbibition had a significant effect on rates of 02 uptake by the embryos (Fig. 2) . At 24 h, the 25°C embryos were respiring at a rate 26% greater than the 5°C embryos. After 48 h, the 25°C embryos began a rapid decline in 02 uptake which leveled off by day 7 to a relatively slow linear decline through the rest of the treatment period. At 5PC, the embryo 02 uptake rate increased rapidly until day 4, then leveled offuntil after 60 d, after which a dramatic increase in 02 uptake occurred, associated with loss of dormancy of the seeds. A similar pattern occurred with nonimmersed seeds (data not shown).
The pattern of CN-sensitive 02 uptake paralleled that of total 02 uptake (Fig. 2) . The proportion of the total 02 uptake that was due either to the conventional Cyt oxidase electron transport system (CN-sensitive) or alternative pathways (CN-insensitive, SHAM-and PG-sensitive) was significantly affected by temperature (Fig. 3) . On day 1, the proportions of CN-sensitive and SHAM-and PG-sensitive respiration were identical at the two temperatures. Thereafter, at 5PC, CN-sensitive respiration accounted, on the average, for 79% of the total 02 uptake, compared to only 62% at 25°C. The average proportion of the total 02 uptake due to an alternative SHAM-and PG-sensitive respiration was only 8% at 5PC, compared to 26% at 25°C. At both temperatures, there was a similar residual 02 uptake (about 12% of the total) which was apparently insensitive to all three inhibitors. Upon initial imbibition, the level of ATP in the embryos increased significantly at both temperatures (Fig. 4) . At 24 h, however, the ATP level at 25°C was 32% greater than at 5PC. This was followed by an abrupt decline in the ATP level at 25°C, while at 5°C the level of ATP remained relatively constant until after 60 d, when a second increase in ATP began. Between tion is a method commonly employed to bring pine seeds out of a dormant condition. Thus, one might expect 25°C simply to be a neutral temperature and 5°C a stimulatory temperature. Our findings indicate, to the contrary, that imbibition at 25°C is apparently detrimental to the seeds. Total 02 uptake is reduced, and the relative activity of the energy-linked Cyt oxidase pathway The present results support our earlier suggestion that an observed excess of water uptake and solute loss at temperatures above 170C indicated some type of temperature effect on membrane properties (14) . It would appear that there is definitely a series of metabolic dysfunctions occurring as a result of apparent effects on membrane properties, similar to the effects in chillingsensitive species stressed at low temperatures (10) and to the effects of accelerated aging (1) . The loss of respiratory activity and efficiency, resulting in lower energy levels, suggests disruption of normal mitochondrial activity, perhaps due to injury directly to the mitochondrial membranes or disruption by inhibitory compounds released into the cytoplasm due to membrane damage to other subcellular organelles.
Imbibition of dormant seeds of loblolly pine at 250C reduced germination compared to to imbibition at 15 or 5°C (2) . When seeds of loblolly pine were imbibed at various temperatures between 2 and 36°C, resultant seedling growth (at 220C) was best in those seeds imbibed at the midrange temperatures (3), i.e. less than 25°C. Other examples of the inability of seeds to germinate at moderately high temperatures (>20°C) are the winter-rain annuals of California (22) . It is feasible that similar membrane effects occur in these species, controlling their germination in response to temperature during imbibition. Reduction of germination at higher temperatures (>300C) has been associated with effects similar to those observed in our studies, e.g. increased solute leakage. These effects were shown by fluorescent membrane probe techniques to be associated with definite structural membrane changes (5, 6 ).
The present study did not allow the determination of the exact pathways of CN-insensitive 02 uptake. As there was a significant increase both in the absolute levels and the proportion of total 02 uptake due to CN-insensitive pathways at 25°C, the pathway(s) may be of consequence to the metabolic differences observed. The possible activity of lipoxygenase would be of particular interest, as a potential contributor of oxy free radicals (9) , which could further disrupt membrane properties and mitochondrial activities.
To our knowledge, this is the first instance in which fairly moderate temperatures have been shown to have such a rapid deleterious effect on plant metabolism. Dormant sugar maple seeds imbibed at 20°C showed a decline in respiration and ATP levels, but only after a prolonged period of 10 to 22 d (20) . While our results do not explain what processes occur during stratification which allow sugar pine seeds to move out of a dormant condition into a growing one, they provide a possible explanation as to why dormant sugar pine seeds are unable to germinate at warmer temperatures.
LITERATURE CITED
